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METHOD AND APPARATUS FOR DATA 
PULSE QUALIFICATION WHEREIN THE 
AMPLITUDE OF A PRECEDING PULSE OF 

OPPOSITE POLARITY IS TRACKED 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention is directed to an improved signal 

peak detector data quali?cation method and apparatus for 
reading data stored on a magnetic storage medium. 

2. Description of the Prior Art 
Peak detectors for magnetic storage devices are Well 

knoWn in the art and have the folloWing general attributes in 
common. To detect the correct position in time of a data 
pulse read from a magnetic medium (tape or disk) and 
embedded in noise, the peak of the pulse must be quali?ed 
as being produced by a valid data pulse, since there are 
several disturbing peaks arising from noise or misequaliZa 
tion in the data channel itself. The pulse signal is therefore 
split into tWo parts. One part is differentiated so that a 
Zero-crossing can be detected by a comparator to give the 
correct position in time of the peak of the pulse. 
Unfortunately, this gives rise to several other Zero-crossing 
minor pulses Which may be located in time close to the main 
signal pulse or at time positions Where there are no pulses in 
the data signal itself. The other part of the pulse signal is not 
differentiated and its large amplitude can, if it is correctly 
equaliZed and occurs Within a short time interval on both 
sides of its peak, be used to qualify the Zero-crossing. To 
generate such a qualifying pulse, the pulse amplitude must 
eXceed a certain level i.e. a threshold. This is implemented 
using a comparator With hysteresis, because in magnetic 
recording the signal pulses alWays have alternating polarities 
(e.g., +1 and —1 nominal normaliZed peaks), Whereas the 
noise pulses do not. The qualifying hysteresis comparator 
therefore must inherently have both positive and negative 
thresholds Which must be exceeded before the comparator 
can change its state. These thresholds are hence used by 
subsequent logic circuits to ?lter out the noise or unWanted 
Zero-crossings generated by the comparator Which responds 
to the differentiated peaks. 

The threshold of the qualifying comparator is normally set 
at a loW level so that variations in the peak amplitude can be 
tolerated. This is a compromise. The thresholds must be 
above the noise levels in the data channel, otherWise a “soft” 
error Will occur due to noise. The threshold must likeWise be 
above the small peaks caused by misequaliZation, otherWise 
a “hard” read error may occur (such errors may be partly 
circumvented using error correction techniques). As the 
pulse densities on the magnetic storage medium become 
higher and the read head gap is made smaller, hoWever, 
individual variations of the pulse amplitude are more likely 
to occur due to increased sensitivity of the read gap to 
medium distance losses. These are knoWn as signal drop 
outs. 

For this reason, the use of an adaptive signal threshold 
Which depends on the actual pulse levels has become knoWn 
in the art. When the peak pulse amplitudes of the signal is 
gradually reduced during a signal partial dropout, the thresh 
old folloWs the envelope of the-signal, i.e. the momentary 
threshold is set as a ?Xed percentage of the actual signal 
envelope. Recti?ers With an associated decay time of their 
output envelope signal are used for this purpose. The decay 
time must be set to be at least as short as the fastest signal 
dropouts occurring in the read channel. By doing this, the 
error rates of conventional data peak detectors can be 
reduced by at least one or tWo orders of magnitude in some 
systems. 
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2 
SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
improved method and apparatus for qualifying signals using 
an adaptive threshold is therefore sought for. 
The present invention is based on the folloWing observa 

tions. 

When using magnetoresistive (MR) read heads and mag 
netic tapes Wherein the magnetic medium is composed of 
very small particles (in contrast to a magnetic thin ?lm 
medium Wherein a magnetic thin ?lm is deposited by 
evaporation from a source material in a vacuum chamber), 
signal dropouts from the particulate tape are not as regular 
as With thin ?lm media or from particulate tape using 
inductive read heads. Partial signal dropouts are typically of 
a shorter duration and they do not alWays have an ideal 
exponential nature. 
When using run-length limited (RLL) codes, especially 

the (1,7) 2/3-rate code Where (d,k)=(1,7), meaning that there 
alWays is at least “d” Zeros and a maXimum of “k” Zeros 
betWeen the +1 and —1 pulses (or betWeen the —1 and +1 
pulses), the update rate for the signal envelope is loWer than 
With other codes With smaller k-values, for eXample the (0,2) 
4/5-rate GCR often used in tape drives. 

Further, the inherent nonlinear signal response of mag 
netoresistive read heads also causes a deviation in amplitude 
from the ideal “+1” and “—1” pulses. For this reason, tWo 
half-Wave recti?ers must be used to fully optimiZe the MR 
pulses. The MR sense current used to set the magnetic ?eld 
bias point for the MR read element must be adjusted based 
on observations of both the positive and negative pulses, and 
the sense current is adjusted to give the best possible output 
signal symmetry. 

Then, if one uses the positive peak recti?er output to set 
the positive threshold hysteresis and the negative peak 
recti?er output to set the negative threshold hysteresis, the 
update rate of the corresponding envelope signals Will be 
only half of What it Would be With a full-Wave recti?er. A 
Worst-case signal sequence consists of a +1 pulse folloWed 
by seven Zeroes and a —1 pulse Which again is folloWed by 
seven Zeroes. Then the update rate When using a half-Wave 
recti?er Will be ?fteen symbols aWay When the neXt +1 pulse 
is about to arrive. 

The invention recogniZes the need for faster updating of 
the signal qualifying hysteresis thresholds. It does so by 
using tWo half-Wave recti?ers. The threshold signal from the 
recti?er used for the negative peak pulses updates the 
threshold for the positive signal pulse. The threshold signal 
from the recti?er used for the positive pulses updates the 
threshold for the negative signal pulse. The inventive 
method and apparatus thus make use of alternating positive 
and negative thresholds. By doing so, the Worst-case update 
rate is reduced from ?fteen to seven symbol intervals, Which 
gives a remarkable improvement in the ability of the system 
to folloW fast signal dropouts, because the great advantage 
With using this approach is that the decay time for the 
threshold signal can be made shorter. Further, by doing so it 
is guaranteed that the peak Which is about to be quali?ed is 
not disturbed by a changing hysteresis level, as could be the 
case if the threshold level Was produced-from a full-Wave 
recti?er or from a half Wave recti?er operating on the same 
polarity of the pulse. Even further, in one embodiment of the 
invention, the thresholds are individually adjustable for the 
positive and negative peaks. 

In another embodiment, they have a common adjustment 
value. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a basic block diagram for a peak detector 
constructed and operating in accordance With the principles 
of the present invention. 

FIG. 2 shoWs details of the multiplying D/A converters in 
FIG. 1, Wherein scaling factors are given to the threshold 
signals for both the positive and negative peaks. 

FIG. 3 illustrates the principle of a prior art hysteresis 
comparator, from Which, together With FIGS. 1 and 2, one 
can see that the threshold signals from the recti?ed positive 
peaks set up the negative hysteresis and the threshold from 
the recti?ed negative peaks set up the positive hysteresis. 

FIG. 4 illustrates the principal operation of a prior art 
threshold comparator and the relationship betWeen the actual 
threshold set up for the comparator and the threshold signal 
itself. 

FIG. 5 shoWs real data Waveforms and hoW they are 
treated by the method and apparatus of the invention, With 
peak detector Waveforms With a short decay time constant of 
2 us superimposed thereon. 

FIG. 6 shoWs, using the same signal as in FIG. 5, the 
operation of the invention When the qualifying comparator 
during a short but temporary drop in the signal level receives 
hysteresis updates from the preceding pulses of opposite 
polarity. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a basic block diagram illustrating the timing and 
qualifying part of a peak detecting read channel for magnetic 
recording in accordance With the invention. A differential 
signal is applied at the input 1 and 1‘ of the ?lter and 
equaliZer module 2. It is understood that knoWn level or gain 
control is applied before this module 2, for eXample auto 
matic gain control (AGC). This is not shoWn as it is Well 
knoWn in the art. Module 2 typically consists of a loW pass 
?lter and an equalizer. The equaliZed signals 3 and 3‘ are 
supplied to a module 10 Wherein the signal is differentiated 
to obtain the ?rst derivative of the equaliZed signals 3 and 3‘ 
so that the timing for pulse peaks can be eXtracted in the 
form of Zero crossings detected by the comparator module 
11. The signal name for these Zero crossings has been chosen 
as “RAWDATA”, lines 12 and 12‘, to indicate that this signal 
must be further processed in a knoWn qualify logic module 
18 together With a qualifying signal QUALIFY on line 8 and 
QUALIFYB on line 8‘, to give a pulse stream Where “+1” 
and “—1” peaks are transformed into “high” value signals. 
The basic operation of the qualify logic module 18 is to 
insure that a quali?ed “+1” must be folloWed by either a “0” 
or a “—1”, not another “+1”. In the same Way, a quali?ed 
“—1” must either be folloWed by a “0” or a “+1”, not another 
“1”. 

As mentioned above, tWo half-Wave recti?ers 4 and 4‘ 
must be used anyWay to fully optimiZe the symmetry of the 
inherent nonlinear MR pulses. Although not shoWn in FIG., 
1, the output 15 of the positive peak recti?er 4 and the output 
15‘ of the negative peak recti?er 4‘ are used for this purpose 
as Well. In FIG. 1, these signals 15 and 15‘ are used, after 
proper scaling in a multiplying D/A converter module 5, to 
dynamically control the hysteresis of the hysteresis com 
parator 7. It should be noted from FIG. 1 that the hysteresis 
comparator 7 has tWo complementary output signals, 
QUALIFY (8) and QUALIFYB (8‘). These signals are 
supplied to the hysteresis control sWitch 6. The operation of 
this sWitch 6 Will be evident by the details shoWn in FIG. 3. 
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4 
Its basic operation is to use the control signals QUALIFY (8) 
and QUALIFYB (8‘) to sWitch-the hysteresis for module 7 
betWeen the scaled positive peak recti?ed signal 16 and the 
negative peak recti?ed signal 16‘, described in more detail in 
connection With FIG. 2 and FIG. 3. 

In FIG. 1, the multiplying D/A converter module 5 scales 
the recti?ed signals 15 and 15‘. This is done by using tWo 
multiplying digital-to-analog converters (D/A) Where the 
digital input(s) are provided by a prior art serial interface 13, 
via control lines 14a and 14b. These lines are not comple 
mentary signals. If a common scaling factor is used, only 
line 14a is necessary. 

Further, in FIG. 1, one can see that the equaliZed signals 
3 and 3‘ passes a matching delay module 9 before the analog 
qualify signal arrives at the hysteresis comparator module 7. 
This is done to obtain, as nearly as possible, a matching 
betWeen the timing and qualify signals When these signals 
arrive at their comparators 11 and 7, respectively. 

FIG. 2 shoWs the multiplying D/A converter module 5, 
Which includes tWo conventional multiplying D/A convert 
ers 5a and 5b. An input signal, Which is the same signal as 
PEAKP on line 15 in FIG. 1 is supplied to the converter 5a 
from the positive peak recti?er module 4 as Well as a scaling, 
“static” but programmable signal KP on line 14a serving as 
a multiplication constant for the recti?ed positive peaks, the 
output signal on line 16. Similarly, the output PEAKN from 
the-recti?ed negative peaks from line 15‘ in FIG. 1 is 
multiplied by the factor KN from line 14b in FIG. 1, to give 
the signal KNPEAKN on output line 16‘. As mentioned 
earlier, in one embodiment of the invention, KP=KN=K, ie 
a common scaling factor can also be used if the symmetry 
of the positive and negative pulses for the MR element is so 
good that it alloWs this to be done. 

FIG. 3 shoWs a knoWn hysteresis comparator Which 
explains the invention by the Way the signals from the 
recti?ed peaks are used to set up the hysteresis. The scaled 
hysteresis signal KPPEAKP (originating from the recti?er 
for the positive peaks) is transformed into a current by the 
transistor 6c and is supplied to the negative input 
NEGHYST of the voltage-sensing comparator With no hys 
teresis 7c. The current produced by transistor 6c When 
QUALIFY (8) goes “high”, develop a voltage across resistor 
7b, so that the product of the current and the resistor value 
gives the actual hysteresis voltage for the differential signal. 
At the same time as QUALIFY goes high, QUALIFYB (8‘) 
goes “loW” and transistor 6b shuts off the hysteresis current 
originating from the recti?er for the negative peaks and 
produced by transistor 6a. If one thinks of a positive-going 
transition in the differential input signal POS minus NEG 
just before this sWitching event takes place, the hysteresis 
action is implemented by removing the voltage across the 
hysteresis resistor 7a. Hence a “high” level on QUALIFYB 
causes positive feedback for positive transitions. In the same 
Way, for symmetry reasons, the QUALIFY signal causes 
positive feedback for negative transitions in the differential 
signal POS minus NEG at the input of module 7. This is 
further described in FIG. 4. 

FIG. 4 is a voltage vs. time diagram for the operation of 
the hysteresis comparator in FIG. 3 shoWing What happens 
for a positive-going transition in the differential signal POS 
minus NEG. Since the circuit in FIG. 3 operates With 
single-ended signals POS, POSHYST, NEG and 
NEGHYST, these single-ended signals have been shoWn in 
FIG. 4, ie the differential signal POS minus NEG is not 
shoWn. The comparator 7c (free of hysteresis by itsef) in 
FIG. 3, “sees” only the differential signal POSHYST minus 
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NEGHYST. Hysteresis is used to set a voltage threshold, 
ViTHRESHOLD, in the single-ended signal POS. Hyster 
esis is produced by “pulling doWn” the positive input of the 
comparator 7c from POS to POSHYST prior to the time thy“. 
The voltage Which must be applied to produce the hysteresis 
ViTHRESHOLD is called ViHYST. Note that 
ViHYST=2ViTHRESHOLD because the comparator 
sees the full differential signal POSHYST minus NEGHYST 
(=NEG, i.e. no hysteresis pull-doWn voltage is applied at 
NEGHYST for positive going transitions). At time thy“ 
NEGHYST and POSHYST are equal and the comparator 
responds by setting the QUALIFY signal “highs” and the 
QUALIFYB signal loW, thereby turning off transistor 6b in 
FIG. 3. In FIG. 4 this event is illustrated by shoWing the 
POSHYST signal make a rapid increase to coincide With the 
POS signal at time thy“, giving positive feedback action 
around the comparator e.g. 

FIGS. 5 and 6 Will be used to shoW hoW the invention 
signi?cantly improves the ability of the data qualifying 
signal to folloW fast changes in the incoming signal itself. 

FIG. 5 shoWs hoW a real data signal POS from a MR head 
may appear during a partial but temporary signal level drop 
occurring at a time interval from about 5 us to 7 us. It can 
be seen hoW the recti?ed signal PEAKP from the positive 
peaks is able to folloW the fast-changing signal level. The 
time constant is 2 us. For illustrative purposes only and for 
simplicity, the output from the other recti?er PEAKN is 
folded doWn about the Zero-level line 4 volts so that it can 
be seen hoW this signal folloWs the negative peaks in the 
POS signal. In the actual implementation, PEAKN has the 
same polarity as PEAKP, i.e. both are above the 4 volt level 
and both can produce positive currents only to the hysteresis 
resistors 7a and 7b in FIG. 3. 

In FIG. 5, at times prior to 7 us, the signal level has been 
reduced for both PEAKP and PEAKN. When the positive 
peak is about to arrive just after t=7 us, it is not knoWn if the 
level Will still fall or if it Will increase again. Thus, the best 
estimate for the level is the preceding level knoWn from 
PEAKN to set up the threshold for the positive peak. When 
this positive pulse has arrived at 7.1 us, however, it is then 
knoWn that the signal level has been recovered and the level 
at PEAKP is used to set the threshold for the next negative 
peak Which occurs just prior to time t=8 gs. 

FIG. 6 shoWs in more detail hoW the invention Works for 
positive thresholds only. In addition to the signals shoWn in 
FIG. 5, POSHYST and QUALIFYB have been shoWn. 
Positive thresholds are set When QUALIFYB is “high”. For 
convenience QUALIFYB has been scaled doWn and placed 
just above the 4 volt line in FIG. 6. The threshold level has 
been set to 30% of the dynamic signals PEAKP and PEAKN 
by a common scaling factor K=KP=KN in FIG. 2. The 
dynamic nature of the threshold can be seen by varying 
degrees of pull-doWn voltage applied to POSHYST. This is, 
for example, evident by hoW far doWn the negative peaks of 
POSHYST are pulled. Just prior to time t=7 us, the PEAKN 
level is approaching the Zero-signal-line at 4 volts quickly 
and the threshold is set as a percentage of this estimated 
level. When the high peak arrives at about t=7.1 us, the 
actual threshold therefore Will be loWer. It can therefore be 
seen that the negative transition in the QUALIFYB signal 
occurs early and just prior to t=7 us. If this positive peak had 
been small, it Would have been crucial to adapt to a smaller 
threshold but not so small that the threshold comparator 
Would have responded to the minor positive peak (Which 
actually is caused by misequaliZation) occurring at time 
t=6.8 us in FIG. 6. If the threshold had been set too loW or 
the time constant too short, a data error Would have occurred 

10 

15 

25 

35 

45 

55 

65 

6 
at t=6.8 us, since the qualifying logic Which operates on the 
RAWDATA and QUALIFY signals is actually alloWing for 
and Waiting for a positive peak to occur after a negative one. 
As the positive peak arrives at t=7.1 us, the next threshold 
level for the negative peak is updated to a higher level, 
Which is visible in FIG. 6 by the fact that QUALIFYB signal 
goes high late relative to the time of the Zero-crossing of the 
POS signal itself. 

Another aspect of the invention mentioned earlier is that 
the use of alternating threshold levels ensures that the 
sampling of the level does not disturb the hysteresis. For 
example, in FIG. 6, When the positive peak occurs at t=7.1 
us, the hysteresis decays smoothly since it Was set at an 
earlier sampling time by the pulse of negative polarity. In 
other techniques, Wherein either a full Wave recti?er is used 
or Wherein the output from a half Wave recti?er is used to set 
the threshold dependent on pulses of the same polarity as 
measured by the same half Wave recti?er, oscillations may 
occur if the time constant are made too short, since the 
hysteresis level may change at the same time as the com 
parator is about to respond. This may also cause a secondary 
effect, i.e., the response time of a typical non-ideal com 
parator may also change due to reduced overdrive of the 
comparator, causing an increased transition delay in the 
comparator. 

It is also important to note that the changes in signal level 
seen in FIG. 5 and FIG. 6 are short-term changes. They are 
caused partly by small perturbations in the particulate mag 
netic media giving variations in the pulse peak levels, partly 
are they caused by misequaliZation, Which may be used to 
improve the overall signal-to-noise ratio in the QUALIFY 
signal. The invention is therefore able to improve the error 
rates much more than may a ?rst be apparent if one 
considers only conventional signal “dropouts”. Other cir 
cuitry using dynamic thresholds is usually designed to 
folloW signal dropouts With much longer time constants than 
can be done With the present method. The ability to alternate 
are betWeen positive and negative thresholds is important 
because such short term changes in signal levels are occur 
ring at a high rate compared With the loW rate of more 
conventional signal dropouts. 

This is further emphasiZed by the fact that AGC systems 
can not compensate for these short-term changes in signal 
levels. For example, the signal Waveform POS shoWn in 
FIGS. 5 and 6 is the signal after it has been processed by a 
relative fast AGC. Even if the AGC Were made faster than 
What Was used in FIG. 5 and FIG. 6, AGC Would not have 
been of much use for these short-term signal variations, 
since the AGC is implemented by a feedback system With an 
ampli?er is normally placed in front of the equaliZer ?lter 
module 2 in FIG. 1, causing a signal delay to occur. By using 
the feed forWard approach shoWn in FIG. 1 and using 
threshold level samples from pulses of alternating polarities, 
a better result is obtained. 

Although modi?cations and changes may be suggested by 
those skilled in the art, it is the intention of the inventor to 
embody Within the patent Warranted hereon all changes and 
modi?cations as reasonably and properly come Within the 
scope of his contribution to the art. 

I claim as my invention: 
1. Amethod for operating a hysteresis comparator having 

an adjustable positive hysteresis threshold comprising the 
steps of: 

providing ?rst and second equaliZed signals, each having 
an amplitude With successively occurring peaks; 

continually identifying respective amplitudes of succes 
sive positive peaks of said ?rst equaliZed signal; 
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continually identifying respective amplitudes of succes 
sive negative peaks of said second equalized signal; 

supplying said ?rst and second equalized signals to said 
hysteresis comparator; 

alternatingly and continually adjusting said positive and 
negative hysteresis thresholds of said hysteresis com 
parator by setting said negative hysteresis threshold 
dependent on the amplitude of a most recent positive 
peak and setting said positive hysteresis threshold 
dependent on the amplitude of a most recent negative 
peak; and 

generating an output signal from said hysteresis compara 
tor dependent on the respective amplitudes of said ?rst 
and second equalized signals relative to said positive 
and negative hysteresis thresholds. 

2. A method as claimed in claim 1 Wherein the step of 
continually identifying respective amplitudes of successive 
positive peaks of said ?rst equalized signal comprises: 

positively half-Wave rectifying said ?rst equalized signal 
to obtain a recti?ed ?rst differential signal containing 
said successive positive peaks, and 

multiplying said recti?ed ?rst equalized signal by a ?rst 
scaling factor; and 

Wherein the step of continually identifying respective ampli 
tudes of successive negative peaks of said second equalized 
signal comprises: 

negatively half-Wave rectifying said second equalized 
signal to obtain a recti?ed second equalized signal 
containing said successive negative peaks, and 
multiplying said recti?ed second equalized signal by a 

second scaling factor. 
3. A method as claimed in claim 2 Wherein said ?rst 

scaling factor is equal to said second scaling factor. 
4. A circuit for operating a hysteresis comparator com 

prising: 
a hysteresis comparator having an adjustable positive 

hysteresis threshold and an adjustable negative hyster 
esis threshold; 

means for providing ?rst and second equalized signals, 
each having an amplitude With successively occurring 
peaks, said ?rst and second differential signals being 
supplied to said hysteresis comparator; 

means for continually identifying respective amplitudes 
of successive positive peaks of said ?rst equalized 
signal; 

means for continually identifying respective amplitudes 
of successive negative peaks of said second equalized 
signal; 

hysteresis control means for alternatingly and continually 
adjusting said positive and negative hysteresis thresh 
olds of said hysteresis comparator by setting said 
negative hysteresis threshold dependent on the ampli 
tude of a most recent positive peak and setting said 
positive hysteresis threshold dependent on the ampli 
tude of a most recent negative peak; and 

said hysteresis comparator comprising means for gener 
ating an output signal dependent on the respective 
amplitudes of said ?rst and second equalized signals 
relative to said positive and negative hysteresis thresh 
olds. 

5. A hysteresis comparator as claimed in claim 4 Wherein 
said means for continually identifying respective amplitudes 
of successive positive peaks of said ?rst equalized signal 
comprises: 

means for positively half-Wave rectifying said ?rst equal 
ized signal to obtain a recti?ed ?rst equalized signal 
containing said successive positive peaks, and 
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8 
means for multiplying said recti?ed ?rst equalized signal 

by a ?rst scaling factor; and 
Wherein said means for continually identifying respective 
amplitudes of successive negative peaks of said second 
equalized signal comprises: 
means for negatively half-Wave rectifying said second 

equalized signal to obtain a recti?ed second equalized 
signal containing said successive negative peaks, and 

means for multiplying said recti?ed second equalized 
signal by a second scaling factor. 

6. A hysteresis comparator as claimed in claim 5 Wherein 
said means for multiplying said recti?ed second equalized 
signal by a second scaling factor comprises means for 
multiplying said recti?ed second equalized signal by a 
second scaling factor equal to said ?rst scaling factor. 

7. A method for qualifying peaks in a signal as represent 
ing data bits, said signal containing data bits superimposed 
With background signals, said method comprising the steps 
of: 

providing ?rst and second equalized signals, each having 
an amplitude With successively occurring peaks; 

mathematically differentiating said ?rst and second equal 
ized signals to obtain a ?rst differentiated signal com 
prising a ?rst derivative of said ?rst equalized signal 
and second differentiated signal comprising a ?rst 
derivative of said second equalized signal; 

supplying each of said ?rst differentiated signal and said 
second differentiated signal to a single-threshold com 
parator and generating a ?rst output signal from said 
single-threshold comparator When either of said ?rst 
differentiated signal or said second differentiated signal 
exceeds a threshold of said single-threshold compara 
tor; 

continually identifying respective amplitudes of succes 
sive positive peaks of said ?rst equalized signal; 

continually identifying respective amplitudes of succes 
sive negative peaks of said second equalized signal; 

supplying said ?rst and second differential signals to a 
hysteresis comparator having an adjustable positive 
hysteresis threshold and an adjustable negative hyster 
esis threshold; 

alternatingly and continually adjusting said positive and 
negative hysteresis thresholds of said hysteresis com 
parator by setting said negative hysteresis threshold 
dependent on the amplitude of a most recent positive 
peak and setting said positive hysteresis threshold 
dependent on the amplitude of a most recent negative 
peak; 

generating a second output signal from said hysteresis 
comparator dependent on the respective amplitudes of 
said ?rst and second equalized signals relative to said 
positive and negative hysteresis thresholds; and 

qualifying a peak in said ?rst or second equalized signals 
as representing a data bit When said ?rst and second 
output signals are both present. 

8. A method as claimed in claim 7 Wherein the step of 
continually identifying respective amplitudes of successive 
positive peaks of said ?rst equalized signal comprises: 

positively half-Wave rectifying said ?rst equalized signal 
to obtain a recti?ed ?rst equalized signal containing 
said successive positive peaks, and 

multiplying said recti?ed ?rst equalized signal by a ?rst 
scaling factor; and 

Wherein the step of continually identifying respective ampli 
tudes of successive negative peaks of said second equalized 
signal comprises: 
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negatively half-Wave rectifying said second equalized 
signal to obtain a recti?ed second equalized signal 
containing said successive negative peaks, and 
multiplying said recti?ed second equaliZed signal by a 

second scaling factor. 
9. A method as claimed in claim 8 Wherein said ?rst 

scaling factor is equal to said second scaling factor. 
10. A method as claimed in claim 7 Wherein the step of 

rnathernatically differentiating said ?rst and second differ 
ential signals has a time delay associated thereWith, and said 
method comprising the additional step of: 

delaying supplying said ?rst and second equaliZed signals 
to said hysteresis cornparator by a time delay equal to 
said time delay associated With rnathernatically differ 
entiating said ?rst and second equaliZed signals. 

11. An apparatus for qualifying peaks in a signal as 
representing data bits, said signal containing data bits super 
irnposed With background signals, said method comprising 
the steps of: 

means for providing ?rst and second equaliZed signals, 
each having an amplitude With successively occurring 
peaks; 

means for rnathernatically differentiating said ?rst and 
second equaliZed signals to obtain a ?rst differentiated 
signal comprising a ?rst derivative of said ?rst equal 
iZed signal and a second differentiated signal cornpris 
ing a ?rst derivative of said second equaliZed signal; 

a single-threshold cornparator, to Which each of said ?rst 
differentiated signal and said second differentiated sig 
nal are supplied, for generating a ?rst output signal 
When either of said ?rst differentiated signal or said 
second differentiated signal eXceeds a threshold of said 
single-threshold cornparator; 

means for continually identifying respective amplitudes 
of successive positive peaks of said ?rst equaliZed 
signal; 

means for continually identifying respective amplitudes 
of successive negative peaks of said second equaliZed 
signal; 

a hysteresis cornparator to Which said ?rst and second 
equaliZed signals are supplied, said hysteresis cornpara 
tor having an adjustable positive hysteresis threshold 
and an adjustable negative hysteresis threshold; 

means for alternatingly and continually adjusting said 
positive and negative hysteresis thresholds of said 
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10 
hysteresis cornparator by setting said negative hyster 
esis threshold dependent on the amplitude of a most 
recent positive peak and setting said positive hysteresis 
threshold dependent on the amplitude of a most recent 
negative peak; 

said hysteresis cornparator comprising means for gener 
ating a second output signal dependent on the respec 
tive amplitudes of said ?rst and second equaliZed 
signals relative to said positive and negative hysteresis 
thresholds; and 

logic means for qualifying a peak in said ?rst or second 
equaliZed signals as representing a data bit When said 
?rst and second output signals are both present. 

12. An apparatus as claimed in claim 11 Wherein said 
means for continually identifying respective amplitudes of 
successive positive peaks of said ?rst equaliZed signal 
comprises: 
means for positively half-Wave rectifying said ?rst equal 

iZed signal to obtain a recti?ed ?rst equaliZed signal 
containing said successive positive peaks, and 

means for rnultiplying said recti?ed ?rst equaliZed signal 
by a ?rst scaling factor; and 

Wherein said means for continually identifying respective 
amplitudes of successive negative peaks of said second 
equaliZed signal comprises: 
means for negatively half-Wave rectifying said second 

equaliZed signal to obtain a recti?ed second equaliZed 
signal containing said successive negative peaks, and 

means for rnultiplying said recti?ed second equaliZed 
signal by a second scaling factor. 

13. An apparatus as claimed in claim 11 Wherein said 
means for rnultiplying said recti?ed second equaliZed signal 
by a second scaling factor comprises means for rnultiplying 
said recti?ed second equaliZed signal by a second scaling 
factor equal to said ?rst scaling factor. 

14. An apparatus as claimed in claim 11 Wherein said 
means for rnathernatically differentiating said ?rst and sec 
ond equaliZed signals has a time delay associated thereWith, 
and said apparatus further comprising the additional step of: 
means for delaying supply of said ?rst and second equal 

iZed signals to said hysteresis cornparator by a time 
delay equal to said time delay associated With said 
means for rnathernatically differentiating said ?rst and 
second equaliZed signals. 

* * * * * 


